. Photographs of day 9 embryonic chick hearts (A and B, respectively) and a drawing of a malformed human heart from the Netter Images Collection (C). A shows a normal chick heart and B depicts a malformed chick heart with DORV and LJAA. This heart defect produced in a chick embryo resembles the complex heart defect known in humans, as shown in a classic drawing by Frank Netter (C) in his collection of congenital heart defects in humans (III: Embryology and the Heart; Section "Anomalies of the Atria") in "The Netter Collection of Medical Illustrations -Heart," part of the series known as "the CIBA Collection." The image shown here in C is acquired from http://www.netterimages.com/image/705.htm. Ao indicates ascending aorta; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle. For orientation of dimensional relations of the chick hearts, see schematic shown in Figure 2 . present, to the best of our knowledge, the first highresolution 3D images of normal and malformed embryonic chick hearts at the 10 m level generated by microcomputed tomography (micro-CT) examination of critical point-dried heart specimens. Cardiac anatomy is demonstrated in great details with respect to myocardial fiber arrangement and trabeculations as well as atrioventricular (AV) and semilunar valves. Positions of great vessels with associated ventricular septal defects are visualized in high quality in malformed hearts. Figure 1A shows the normal 4-chambered heart of a day 9 chick embryo with correct positioning of the heart chambers and great vessels. Figure 1B depicts an image of a malformed embryonic chick heart in which both great arteries are significantly shifted toward the right side with extreme dextroposition of the aorta, and both great arteries arise from the right ventricle (double outlet right ventricle [DORV]). Note also that both atrial appendages are located to the left of the great arteries (left juxtaposition of atrial appendages [LJAA]). The cardiac defect that we present here in the chick embryo resembles a rare complex heart defect known in humans, as depicted in a classic drawing by Frank Netter, MD, in the Netter Collection of Medical Illustrations -Heart ( Figure 1C , reproduced with permission from netterimages.com).
DORV generally occurs as an isolated entity, but it is also seen in association with other heart defects, such as total anomalous pulmonary venous return, AV septal defect, mitral stenosis or atresia, juxtaposition of the right atrial appendage, or a persistent left superior caval vein. Juxtaposition of the atrial appendages itself is almost always associated with complex congenital heart disease. 1, 2 The condition in which both atrial appendages lie to the left side of the great vessels (LJAA) is more common than that in which the appendages lie to the right of the arteries (RJAA). 1 Further, more complex and morbid anomalies are seen in those with LJAA than in those with RJAA. 3 The developmental basis of LJAA remained unclear for a long time until an animal model for LJAA in the chick was demonstrated for the first time in 2003. 4 Figure 2 demonstrates the dimensional relations of a malformed chick heart with DORV and LJAA (A) and a transverse image plane of a high-resolution 3D micro-CT reconstruction of such a heart showing details of cardiac anatomy of AV and semilunar valves at micrometer level (B). Figures 3 and 4 show separate sections of 3D micro-CT reconstructions of a normal chick heart versus the DORV heart with LJAA to demonstrate the relationship of the great vessels in both hearts by comparison as well as the significant differences at atrial, AV and chamber level.
Note the quality of resolution for both AV and semilunar valves in the normal (Figure 3C , E, G and Figure 4A , C) as well as in the DORV heart with LJAA ( Figure 3D , F, H and Figure 4B , D) demonstrating fine details of the anatomic architecture. The high resolution of the micro-CT pictures allows the recognition of small structures such as the lumen of the coronary artery ( Figure 2B ) or the dysplastic aortic valve with a small fourth leaflet in the experimental heart ( Figure 4B ). The Data Supplement demonstrates further details of these hearts as fly-through movies (Movies I and II showing a fly-through of the right and left side of the normal heart, respectively, and Movie III demonstrating the relevant findings in detail as a fly-through in the DORV heart with LJAA).
In summary, we have shown that micro-CT facilitates nondestructive visualization of the anatomy of normal and malformed embryonic hearts at high resolution when the heart specimens have been dried by the critical point method Figure 4 . 3D images of a normal (A, C and E) and a malformed day 9 embryonic chick heart (DORV with LJAA; B, D and F) that were generated from our micro-CT data. Hearts are shown in cross-sectional views at the level of the semilunar valves (A and B; view from above), the atrioventricular valves (C and D; view from below), and the apical part of the ventricles (E and F; view from above). These separate sets of images demonstrate striking differences in the positional relationship of the great arteries and atrioventricular valves between the two heart specimens. Note that, in the normal heart (A), the aortic valve is wedged between both atrioventricular valves and is in fibrous continuity with the MV. In the malformed heart (B and D), both great arteries are shifted to the right with extreme dextroposition of the aorta and lack of aorto-mitral fibrous continuity; additionally, a large malalignment VSD is clearly seen in D. Note the quality of resolution for the cardiac valves in the normal heart as well as in the DORV heart demonstrating fine details of the anatomic architecture, eg, dysplastic AoV with a small fourth leaflet in the malformed heart (B). The images in C and E show the fully intact interventricular septum of the normal heart. The image in F shows the interventricular septum of the DORV heart below the level of the malalignment VSD. Note here, too, that in all images of the malformed heart the size of the bar is smaller, indicating that the malformed heart is slightly bigger than a normal heart due to dilatation of the chambers and atria. 
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